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ON TliE NATURL OF THE SOURCES OF HARD PULSE X-RAY RADIATION 


I. S. Shkiovskiy 
Institute of Space Research 


Since Decenioer of 1975 the attention of the astro- /4* 
nomical cohununity has been drawn to observations of bursts 
of X-ray radiation by the actively operatiiig X-ray observa- 
tional satellites "ANS,” "SAS-3,” and "Ariel-li." [1] > [2] , 

[3], [4], [5]. Prior to this there had been a significant 

spectral 

nunu^er of observations of burses in the higher-energy/range 
from 40 to 290 keV by the Soviet satellite "Costnos-428" [6] , (7] . 
And even earlier very strong bursts in tne lower range of the 
gamma-ray spectrum had been received by the "Vela” series of 
satellites. These "gamma-ray bursts" excited a great deal of 
attention, with investigations being conducted over a broad 
range of the electromagnetic spectrum. However, the poor an- 
gular resolution of the measuring instruments prevented the 
identification of the "ga»rana-ray bursts" with any known astro- 
nomic object. 

An important first step was accomplished at the end of 
1975 by Soviet and Dutch researchers who, working with data 
from tne "Cosmos-428" and "ANS" satellites, definitely identified 

one of the burst sources as the globular cluster NGC 6624 
♦Numbers in the margin indicate pagination in the foreign text. 
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17],llOl. Jiiotliy after tais a Hocoiid uourco of ouratu waa 
iuentifiod aa the qiobular cluster NUC1B!>1, and at the loca- 
tion of ti.e very intereatiiu) burst source MXU 1730-3 J5 biller 
uiacovered a new globular cluster, hitherto unknown due to 
strong interstellar absorption of ligtit.|10| In addition, 
Melioranskii et al., on the basis of data obtained in 1971 by 
the satellite "CosnKia-4 18 V identified three nK>re sources of 
burst radiation as the globular clusters NOC 5904 (M5 ) , NCC 
U3B8 , and NGC b541 ( 11] . 

Let us extend tnese identifications of burst Rources 
as globular clusters using the data provitied in ttie monograpii 
of V. Kukarkin 112). Although the accuracy of the coordi- 
nates of tiie sources of burst radiation is not very great in 
the majority of cases (it varies from 10 to 170 degrees of 
solid angle) , tlie process of identifying the sources with 
globular clusters, which are all widely-spaced objects par- 
ticularly remote from the central regior i of the galaxy, 
is sufficiently reliable to be persuasive. Thus tlie source 
in the constellation Norma observed by "Vela-5" (13) (probable 
error of location =10 degrees solid angle) may most probably 
be attributed to one of two neigliboring globular clusters, 
eitner NGC 5927 (vt » I5h 24.4m, 6 ■ -50^’ 29*) or NGC 5940 
(a ■ 15ii 31.8m, tS « -50*^ 3'). Since the first cluster has a 
considerably greater luminosity (m^ - 7.95) it is the more 
likely candidate to be iuentifed as the source of bursts in 



Nonua . All olhor ijlobular oluatora in thia roijion of Uu' 
ijalaxy an* looatou fai boyond I ho limit a of locMtion of tho 
aouroo of buiat radiation. 

T«io aourco in tho oonatol lation Aiju i I a obaorvod by 
"iiAh-J" (a* l‘>h JOn, «S ■ tu*"’) , witii a probablo orror of lo- 
cation of liO di'vjrooa aolid aiu)lo, may bo idontifiod oi- 
thor witJi NlV i>8JU (M71) (a - 19h blm, vS - 41’) or 

with tho 0 . H-nuuin X t udo woaki*r objoct , NiIC to7t>0 (a • 19h 
08. om, iS ■ -tl ). finally, t lu* aourco in rv iff.ua , .ilao ob- 
aorvod by "i?AS-J", (a 7I» Ji>m, ^ " -1>0‘\ probablo orror of 
locat ion 170 iloiirov's aol id anglo) with NdC ( a ■ oh. 47m, 

v^ « • Althovujti none of t hoao idont i f icat iona , of courao, 

can bo rovjctdod aa do f ini live, tho fact that all throe pe- 
culiar aourcoa arc located in tho no iijhborhood of iilobular 
cluati ra, in addition to the fact that other aourcoa of thia 
typo are idontifiod witiv ijlobular cluatora, aivjni f icant ly 
incroaaoa tlvo probability of tlvo propoaod idont i f icat iona . 
Thua, of tho liat in lt>] of aourcoa of hi»jh-onor«.iy burat ra- 
diation obaorvod by "ANS," "SAS-J," aiui "Arioi-5," compri- 
aiiui 10 objocta, o have Ih'oii idontifiod v^ith ijlobular clua- 
tora. In addition, throe of tho romainiiuj four unidentified 
aourcoa are in tho roijion of tho .jalactic nucloua (MXn 1743- 
-293, 1742-297, 1728-34) and vivay bo iilobular cluatora con- 
cealed by layora of intoratollar duat abaorbiiuj their liijht 
llOJ (other ix>aaiblv interpret at iop.a aii' diacusaod below). 
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To thiB may bo adiiod throo idout 1 f icationn porforniod not 
loiuj aijo by A.S. Moliorannkii and hia coworkora 111). Tliua 
It ia iK>aaiblo to maintain that a aubatantial i>ortion, if 
not tho majority, of obaorvod aouvcoa of hiyh-oncnjy pulao 
radiation havo boon idontifiod aa ylobular cluatcra. 

VVo eonaidor tho ao-callod "yamma-ray burata” obaorvod 
by tho "Vola" aiui othor aatollitos to roproaon"; tho aiuuo 
phonomonon aa tiu» X-ray burata obaorvod by tho •’Co8mos-428 , " 
"ANi?,” "SAS-J," and "Ariol-5" aatollitoa. Tho followiny 
facta aupport thia contontion: 

a. ) Tho duration of appoaranco (1-100 soconda) ia tho 
a^uuo in botli inrtancoa; 

b. ) In a numbor of caaoa both tho yamma-ray and X-ray 
burata diaplay atructuro (for example, come in pairs); 

c. ) Altliouyh the burata observed by "Vela" displayed a 
hiyher oneryy spectrum (kT ' 150 koV) than typical X-raya 
(kT 50 koV) , thia ia a natut\il result of tho observational 
receptivity. Tiie detectors installed on the "Vela" satellites 
could only record hiqh-oneryy (r > 150 keV) bursts. It must 
be emphasized that the spectra of the X-ray bursts wore of 

a relatively high energy. Tho detectors installed on 
"Cosmos-428" only recorded high-energy X-ray radiation, 
hursts of hiyh-enoryy apectra were also received by "Ariel-5" 
from tho source identified as the globular cluster MVD 
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d. ) The value of the flux from the bri<jhtest X-ray 
sources (• 10"* erg/cm*/sec 111)) was equivalent to the flux 
from the intense qamma-ray bursts. 

e. ) The frequency of bursts of yanuua-rays is compatible /!_ 
with the frequency of ti\o X-ray bursts. 

If the bursts of both qanmia-ray and X-ray radiation 
represent the same cosmic events, then it is reasonable to 
expect to associate some of the gamma-ray bursts with 
globular clusters. Although the accuracy of the detemtina- 
tion of the coordinates of the sources of gan«na-ray bursts 
is not very great, in a number of cases, as we shall now see, 
such an identification can be accomplished. 

Of the four ganuna-ray bursts for which exact and unam- 
biguous coordinates are available in llo] , three (70-2, 67-1, 
and 69-2) can be identified respectively as originating from 
the globular clusters NGC 5694, NGC 4147, and NGC 288. Kvcn 
more certain is the identification of the extremely inter- 
esting ganuaa-ray burst (I « 2 X 10"** crg/sec. At ■ 27 sec.), 
observed 27 April 1972 at the coordinates a >- 231», 6 ■ -68° 

(17) , as the intense globular cluster 47 Tucan (a ■ Oil 21m, 

5 « -72°2l'). Finally, one cannot deny the possible iden- 


tification of the gamma-ray burst observed on 1 November 1972 
(lUl as originating from t)ie rather intense globular cluster 
NGC 1904 (M79). 



On the other hand we must emptiaslie that the very intense 


^omnia-rey burst observed on 14 Nay 1972, perhaps the best- 
investi«jated of all bursts (I ■ 5 X 10~" erg/cm’, ^t • 80 sec, 
a ■ nil bOia, 6 ■ 74*b' i4*) [8), occurred at a point at least 
40* distant from the nearest known globular cluster. In 
addition, the characteristics of this burst are indistinguish> 
able from those observed in other strong bursts. This means 
that among the observed gamma-ray bun.ts (and in particular 
also among those for which we assigned a probable identifica- 
tion above) , a significant portion might not be associated 
with globular clusters, however, we slould recall that the 
investigation of X-ray bursts showed that a substantial 
portion, if not the majority, of the sources of these bursts /£ 
are identified as globular clusters. The important conse- 
quences resulting from this "dualism" of burst sources will 
be considered below. 

Might the burst sources in globular clusters have 
something to uo with the type of stellar population found 
there? The question of the nature of the X-ray sources 
detected by the "Uhuru" satellite in globular clusters had 
become acute in 1975, before the discovery of their burst- 
like character. The relatively high, that is, per stellar 
mass, frequency of sources in globular clusters was striking 
in comparison to the galaxy as a whole. As explanations for 
this effect, two hypotheses were proposed: a.) In the 
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originally densely-packed central regions of globular clusters 
there were fom\ed a great number of closely-bound double star 
systems with a neutron star as one component in each pair (19]. 
b.) In the center of globular clusters are black holes with 
masses on the order of several hundred solar masses [20,21]. As a 
foundation for these hypotheses it was pointed out that in 
the intense globular clusters which were sources of X-ray 
radiation there were high parabolic velocities and an elevated 
concentration of matter towards the center. The discovery of 
the burst-like nature of the X-ray sources located in globular 
clusters sharply intensified the problem. While earlier 
attention had been drawn by the fact that »3% of all sources 
were located in clusters while clusters contain only aio.1% 
of the mass of the galaxy, now it became clear that the 
majority of burst sources were in globular clusters. On 
the other hand it is typical that in all of the globular 
clusters there are perhaps 1,000 of the short-period Cepheid 
variables of the RR Lyrae type, wnil'. the sphere of the galaxy 
contains 500,000 of them. This naturally has implications 
for all the other stellar populations in globular clusters: 
their total in clusters roust be several hundred times less 
than in the spherical stellar corona of the galaxy. There- /9^ 
fore from the fact that a substantial portion, if not the 
majority, of the burst sources are located in globular 
clusters, it follows that it is impossible to identify the 
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■Murces of burst radlAtlon with any class of population of stars » 
either in the globular clusters o: in the galactic "halo." The 

hypothesis expressed in [19] is refuted by the simple fact that 
in the neighborhood of the galactic nucleus^ where the stellar 
density is at least twice as high as that in the center of 
globular clusters and where it would seem conditions would be 
much more favorable for the formation of closely-bound binary 
stars by capture, the predicted li.'rge number of burst sources 
is not observed. Such characteristics of the sources of burst 
radiation as a very high-energy spectrum and a strong energy 
flux (up to 10“* erg/ sec [7]), differ completely from the 
cnaracteristics of X-ray sources such as Hercules X-1, Scorpio 
X-1, and others, which according to [19] should be formed in 
globular clusters. 

All this suggests that the sources of burst radiation 
are very peculiar objects whose nature is completely distinct 
from the tight.ly-bound double "X-ray" systems discovered hy 
"Uhuru." The burst sources must be intimately connectad to 
globular clusters, each one of which must be regarded as a 
single unit. Along these lines, it is proposed that these 
sources of burst radiation must be black holes, located in 
the centers of globular clusters, of » 10^-10“ solar masses 
[20] , [21] . This value for the mass is implied by the fact 
that, for an average power output by the source of * 10** 
erg/sec (see [11]), the stream of accretion causing the 
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high-energy radiation must be • lo‘* gr/sec, and if tho age of 
the source is ■ 3 X 10* years (probably xess ) , then the total 
captured gas will be 10** gr > >00 solar masses. It is ad- / lO 

visable to note, with respect to the "black-hcle” nature of 
the burst sources in the nuclei of globular clusters, that the 
manned space stacion "Salyut-4" observed a burst of high-energy 
radiation from the well-known source Cygnus X-1, which the 
majority of researchers consider to be a black hole of » 10 
solar masses [22] . 

The fact of undoubted observations of bursts of high-energy 
radiation independent of any known globular clusters (see a- 
bove) prompts us to the conclusion that the galaxy contains a 
special group of "invisible globular clusters." Since the 
sources in globular clusters are black holes located in the 
nucleus of the cluster, it is natural to propose an "invisi- 
ble" globular cluster, without its stellar corona. Such a 
nucleus would uavc an extremely compact fona, composed of a 
massive black hole surrounded by thousands of stars of rela- 
tively low luminosity and a heated interstellar medium. Such 
an object may have been formed either in the process of evolu- 
tion of a more or less "normal" globular cluster, or, more 
probably, from the demolished "coronr" of a cluster by the 
tidal force of its passage at a distance of several hundreds 
of parsecs from the galactic nucleus. Thus it is possible tha': 
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the sources of burst radiation located near the center of the 
galaxy are "invisible clusters." The predicted intrinsic lumin- 
osity of an "invisible cluster" is « Om, so they might be point 
objects of visual magnitude • 12-15m, without being distinguish- 
able from the stellar background. For direct concirmation of 
our hypothesis we have to obtain excellent coordinate localiza- 
tion of the source of gamma-ray bursts at a « 12h, 6 ■ 73*, which 
we understand is a recurrent source, after v;hich optical iden- 
tification can be obtained. We stK)uld also note that it is 
logical to propose that there exist "completely invisible" 
globular clusters , that is, bltc; holes of • 10^-10* solar mas- 
ses without any collection of stars around them :.t all. It is 
not completely clear how many of these objects might be in / II 

our galaxy nor to what degree thay may contain the presently- 
discussed "hidden maos" of our galactic group. See [23] . 

Obviously, the present proposals concerning the nature 
of globular clusters, their evolution, and especially their 
origin may be radically changed. In particular, the rolb of the 
nucleus in these clusters must be very important. For example, 
during the observation by [7] of a burst in NGC 6624 the bolo- 
metric luminosity of the cluster increased by a factor of one 
hundred! Also important is the extended constant observation 
in the high-energy X-ray spectrum (L > 50 keV) of the central 
region of the nebula in Andromeda , which, as might be ex- 
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puctpt^i has a varia!''e output of bursts. If rather massive 
black holes are formed in the central regions of globular clus> 
ters in the prcccss of evolution, then it is natural to ex- 
(.■ect that they must also be formed in the nuclei of galaxies, 
especially elliptical galaxies, as well. It is possible that 
the observation of bursts of high-energy X-ray radiation in 
[24] is related to a black hole located in the nucleus of our 
galaxy. Mow much more urgent, then, does the task become of 
observing bursts from the nuclei of other galaxies, such as 
M31, M87, and the well-known dwarf galaxies in the constellation 
Sculptor, for ex 2 unple. N.S. Kardashev has informed us on the 
latter topic. 

In conclusion we note that we hive not at all been con- 
cerned with the specifics of the bursts of high-energy radiation, 
in particular, with the interesting problem of quasiper iodic 
bursts. Our problem was the purely astronomical analysis of the 
K.nown facts with the goal of outlining as clearly as possible 
the speculations on the mechanism of the radiation, extending 
ti.em in the direction of observational and theoretical research. 
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